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SUMMARY. Emerging data indicate that all-oral antiviral 
treatments for chronic hepatitis C virus (HCV) will become 
a reality in the netir future. In replacing interferon-based 
therapies, all-oral regimens are expected to be more tolera- 
ble, more effective, shorter in duration and simpler to 
administer. Coinciding with new treatment options are 
novel methodologies for disease screening and staging, 
which create the possibility of more timely care and treat- 
ment. Assessments of histologic damage typically are per- 
formed using liver biopsy, yet noninvasive assessments of 
histologic damage have become the norm in some Euro- 
pean countries and are becoming more widespread in the 
United States. Also in place are new Centers for Disease 
Control and Prevention (CDC) initiatives to simplify testing, 
improve provider and patient awareness tmd expand rec- 
ommendations for HCV screening beyond risk-based strate- 
gies. Issued in 2012. the CDC recommendations aim to 



increase HCV testing among those with the greatest HCV 
burden in the United States by recommending one-time 
testing for all persons born during 1945-1965. In 2013. 
the United Sttites Preventive Services Task Force adopted 
similar recommendations for risk-based and birth-cohort- 
based testing. Taken together, the developments in screen- 
ing, diagnosis and treatment will likely increase demand 
for therapy and stimulate a shift in delivery of care related 
to chronic HCV, with increased involvement of primary 
care and infectious disease specialists. Yet even in this new 
era of therapy, barriers to curing patients of HCV will exist. 
Overcoming such barriers will require novel, integrative 
strategies and investment of resources at local, regional 
and national levels. 

Keywords: diagnosis, directly acting antiviral agents, health 
services, hepatitis C. phtirmacoeconomics. 
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INTRODUCTION 

The treatment Itindscape for hepatitis C is in flux. From 
2002 to 2011, the standard of ctire treatment for chronic 
infection with hepatitis C virus (HCV) was 24 or 48 weeks 
of therapy with pegylated interferon-alfa (PEG-IFN) and 
ribavirin (RBV). For patients with genotype 1 virus, the 
likelihood of achieving a sustained virological response 
(SVR), defined as having undetectable serum HCV RNA at 
24 weeks after cessation of treatment, was only 40-50% 
after 48 weeks of therapy. In 2011, the HCV protease 
inhibitors telaprevir and boceprevir entered the market to 
be used in combination with PEG-IFN and RBV for geno- 
type 1 HCV infection. The protease inhibitors increase the 
likelihood of SVR to 67-75% in treatment-naive patients 
with genotype 1 HCV [1-4]. However, adding a protease 
inhibitor to a PEG-IFN backbone, which is itself difficult to 
tolerate, has increased the potential for toxicity and has 
placed a resource-intensive burden on treating physicians. 
In addition, the triple therapy regimens have limited effi- 
cacy in treatment-experienced null responders [5], 

Several directly acting antiviral agents are being evalu- 
ated for their potential use in combination with either RBV 
or other antivirals of different classes. In early 2013, a 
small study of the nucleotide sofosbuvir in combination 
with RBV was reported, and among 25 treatment-naive, 
HCV genotype 1 patients, 21 (84%) had an SVR after 
12 weeks of therapy [6], In another small study reported 
in early 2013, a total of 31 of 33 (94%) previously treat- 
ment-naive genotype I patients were HCV RNA negative 
12 weeks after cessation of therapy with the NS3 protease 
inhibitor ABT-450, combined with low-dose ritontivir, the 
non-nucleoside NS5B polymerase inhibitor ABT-333 and 
ribavirin [7]. In phase 3 studies of sofosbuvir with RBV, 
SVR rates have been as high as 78% in HCV genotype 2 
and 3 patients [8], and it is anticipated thtit in the United 
States, all-oral combination therapies will be available for 
HCV genotype 2 or 3 patients by 2014. By 2015, regimens 
including only directly acting antivirals are expected to be 
available for persons with any HCV genotype. 

At this time of new treatment opportunities, novel 
changes have been made to improve the methods by which 
extent of liver disease is diagnosed. Assessment of the extent 
of histologic dcimage. an important component of patient 
evaluation, has been traditionally carried out by liver 
biopsy. Noninvasive assessments of histologic dtimage such 
as elastogrtiphy have become the norm in several European 
countries and are becoming more frequently used in the 
United States. Strategies for HCV screening also have been 
revised. To improve the identification of persons living with 
chronic HCV infection, the U.S. Centers for Disease Control 
and Prevention (CDC) expanded its risk-based approach to 
HCV testing, publishing a recommendation in 2012 thtit all 
persons born during 1945-1965 receive one-time testing 
for HCV. In 2013, the United States Preventive Services 



Task Force (USPSTF) adopted similar recommendations for 
risk-based and birth-cohort-based testing. Growing evidence 
suggests that in the United States, HCV infections are rap- 
idly increasing among persons aged 15-24 primarily 
because of injection drug use [9]. This trend suggests that 
screening efforts should also ensure that young injection 
drug users are tested and engaged in care. 

The 2010 Patient Protection and Affordable Care Act 
(ACA) will expand opportunities for persons to purchase 
health insurance and htive access to hepatitis C testing, 
care and treatment. The ACA will facilitate implementation 
of HCV testing because it requires nongrandfathered 
private health plans to cover clinical preventive services 
given an A or B grade by the USPSTF without cost-sharing 
and provides incentives for Medicaid programmes to cover 
these services. By prohibiting insurance companies from 
declining to sell or renew policies because of pre-existing 
conditions such as hepatitis C, ACA will help more patients 
access HCV care and treatment services [10]. 

Improvements in therapies, diagnostic techniques and 
screening for HCV will create a new era for HCV treat- 
ment. Although the exact effects these changes will htive 
on the future landscape of HCV care cannot be elucidated, 
certain outcomes are likely. For instance, as methods for 
diagnosis of liver disease and treatment of HCV become 
simpler, safer and more effective, primary healthcare pro- 
viders may manage greater numbers of HCV-infected 
patients. This expansion into primary care may become 
necessary if the number of patients undergoing treatment 
increases because of screening efforts and improved pros- 
pects for treatment success for regimens containing all 
directly acting antivirals. Also subject to change are pric- 
ing and reimbursement models, as well as the pharmaco- 
economics of curing HCV. 

To discuss the new paradigm of HCV therapy, represen- 
tatives from leading academic medical centres, government 
agencies, insurance providers and the pharmaceutical and 
biotechnology industries met in Boston, Massachusetts, 
USA, on March 22 and 23, 2013. The focus of the meet- 
ing, or Think Tank, was to predict how shifts in HCV 
screening, diagnosis and treatment will affect access to and 
delivery of care: identify barriers to treating HCV; discuss 
successful strategies for identifying and treating patients; 
and discuss the pharmacoeconomics of treatment for 
patients, providers, pharmaceutical companies and health- 
Ccire payers. Here, we describe the current challenges and 
opportunities for curing HCV in the forthcoming era. 

CURRENT EVOLUTION OF ALL-ORAL THERAPIES 
FOR HCV 

Arrays of IFN-free regimens for treating HCV are currently 
in the later stages of clinical development. At scientific 
meetings, data have been presented from phase 2 tmd 3 
studies of various all-oral regimens. The results of individ- 
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Table 1 Reported results for all-oral thertipies for hepatitis C virus in clinical development 



No. patients Duration, weeks SVR rates Reference 



Treatment-naive patients 

Genotype 1 (la or lb) 

ABT-450/r + ABT-333 + RBV 33 
ABT-450/r + ABT-267 + ABT-333 + RBV 80 

ABT-450/r + ABT-333 + RBV 41 

ABT-450/r + ABT-267 + RBV 79 

ABT-450/r + ABT-267 + ABT-333 79 
ABT-450/r + ABT-267 + ABT-333 + RBV 79 
Daclatasvir + Asunaprevir + BMS- 791325 16 
Daclatasvir + Asunaprevir + BMS- 791325 16 

Faldaprevir + Deleobuvir 46 

Faldaprevir + Deleobuvir + RBV 316 

Mericitabine + Danoprevir + RBV 64 

Sofosbuvir + RBV 25 

Sofosbuvir + Daclatasvir 55 

Sofosbuvir + Daclatasvir + RBV 56 

Sofosbuvir + Ledipasvir + RBV 25 

Genotype 2 or 3 

Sofosbuvir + RBV 10 

Sofosbuvir 10 

Sofosbuvir + RBV 253 

Sofosbuvir + Dacltitasvir 14 

Sofosbuvir + Daclatasvir + RBV 14 
Prior nonresponse 

Genotype 1 (la or lb) 

ABT-450/r + ABT-333 + RBV 17 

ABT-450/r + ABT-267 + RBV 45 
ABT-450/r + ABT-267 + ABT-333 + RBV 45 

Daclatasvir + Asunaprevir 11 

Sofosbuvir + RBV 10 

Sofosbuvir + Dacltitasvir 21 

Sofosbuvir + Daclatasvir + RBV 20 

Sofosbuvir + Simeprevir + RBV 27 

Sofosbuvir + Simeprevir 14 

Sofosbuvir + Ledipasvir + RBV 10 

Genotype lb 

Daclatasvir + Asunaprevir 21 

Genotype 2 or 3 

Sofosbuvir + RBV 201 

IFN-ineligible or intolerant 
Genotype lb 

Daclatasvir + Asunaprevir 22 
Genotype 2 or 3 

Sofosbuvir + RBV 207 



12 




94% SVR 12 


Poordad et ah [7] 


8 




88% SVR12 


Kowdley et al. [11] 


12 




85% 


Kowdley et al. [11] 


12 




90% 


TCnwHlf*^? pf n] nil 


12 




87% 


Kowdley et al. [11] 


12 




98% 


Kowdley et al. [11] 


24 




88% 


Everson et al. [98] 


12 




94% 


Everson et al. [98] 


28 




39% SVR12 


Zeuzem et al. [15] 


16, 2! 


i, or 40 


52-69% SVR12 


Zeuzem et al. [15] 


24 




71% SVR12 


Gane et al. [99] 


12 




84% 


Gane et al. [6] 


12 or 


24 


98% SVR4 


Sulkowski et al. [14] 


12 or 


24 


96% SVR4 


Sulkowski et al. [14] 


12 




100% SVR12 


Gane et al. [100] 


12 




100% 


Gane et al. [6] 


12 




60% 


Gane et al. [6] 


12 




67% SVR 12 


Gane et al. [101] 


24 




100% 


Sulkowski et al. [14] 


24 




93% 


Sulkowski et al. [14] 


12 




47% SVR 1 ? 


Poordad pt nl [71 


12 




89% 


Kowdley et al. [11] 


12 




93% 


Kowdley et al. [11] 


24 




36% 


Lok et al. [102] 


12 




10% 


Gane et al. [6] 


12 




100% 


Sulkowski et al. [13] 


12 




95% 


Sulkowski et al. [13] 


12 




96% SVR 8 
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93% SVR8 


Lawitz et al. [12] 


12 




100% SVR 12 


Gane et al. [100] 


24 




91% 


Suzuki et al. [103] 


12 or 


16 


SVR 12 


Jacobson et al. [8] 






12 week: 50% 








16 week: 73% 




24 




64% 


Suzuki et al. [103] 


12 




78% SVR12 


Jacobson et al. [8] 



ABT-450/r, ritonavir-boosted ABT-450; IFN, interferon: RBV, ribavirin; SVR, viral negativity 24 weeks post-therapy. 
SVR12, SVR8 and SVR4 refer to viral negativity at 12, 8 and 4 weeks post-therapy. 



ual studies will not be described in great detail here but 
are summarized in Table 1. The more promising regimens 
have the following characteristics: a strong safety profile, 
SVR rates approaching or even exceeding 90%, minimal 



pill burden and minimal potential for drug-drug interac- 
tions. 

Several major conclusions and predictions regarding the 
future of all-oral therapies were discussed. A reasonable 
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anticipation is that a genotype-specific, all-oral therapy for 
HCV genotypes 2 tmd 3 with sofosbuvir and ribavirin will 
be available by 2014. By 2015, genotype- 1 -specific 
therapies should follow, and these will comprise any of 
three regimens currently under development by AbbVie 
Pharmaceuticals, Bristol-Myers Squibb and Gilead Sciences 
(Table 1). True pangenotypic regimens will probably not be 
available until 2016 or 2017 and will require development 
of pangenotypic NS5A inhibitors and protease inhibitors 
that can be combined with each other and with nucleotide 
polymerase inhibitors. Some of these combinations are in 
phase 1 or early phase 2 studies across multiple genotypes. 

Another major area of discussion was whether pretretit- 
ment and on-treatment predictors of response, including 
those used for PEG-IFN, can help predict response to all- 
oral therapies. Although there is evidence that many of 
these factors still predict response to relatively weak inter- 
feron-sparing regimens, more potent regimens, with SVR 
rates >90%, readily overcome the traditional obstacles seen 
with PEG-IFN. For example, in phase 2 studies of the 
Abbott multidrug regimen [11] or sofosbuvir plus simepre- 
vir [12] or daclatasvir [13], prior interferon response was 
not strongly related to response to all-oral treatment. In 
fact, interferon null responders did just as well as naive 
patients tmd had SVR rates in the 90% range. It is increas- 
ingly apparent that regimens consisting of potent agents 
that individually or cumulatively impose a high barrier to 
resistance attenuate or eliminate factors such as la/ lb 
subtype, 1L28B status, viral load, race, metabolic syn- 
drome, obesity and age as major determinants of response. 
In addition, with potent directly acting antiviral combina- 
tions, nearly all patients are negative within 4 weeks, 
which means the traditional strategy of using virologic 
response at week 4 or 12 to determine the duration of 
treatment may be moot. The presence of cirrhosis, which 
often excludes patients from early phase trials, may yet be 
a differentiating factor in SVR rates, but this remains to be 
further determined for genotype 1, and as with other fac- 
tors, presence of cirrhosis can probably be overcome by a 
sufficiently potent regimen or longer treatment duration. 
In studies of sofosbuvir and RBV in patients with HCV 
genotypes 2 or 3. cirrhosis was a significant negative pre- 
dictor of response for treatment-naive patients with HCV 
genotype 3 and for prior treatment-failure patients with 
either genotype 2 or 3. but these studies only included 1 
potent directly acting antiviral. The effect of portal hyper- 
tension and hepatocellular dysfunction (Child's class B and 
C) on SVR in patients with more advanced liver disease 
remains an area requiring additional investigation. 

The final major questions for discussion encompassed 
the need for RBV and duration of therapy, which are in 
some ways connected. As with the pretreatment predictors, 
ribavirin use and treatment duration appear to matter with 
relatively weak regimens but may not with sufficiently 
potent combinations. In studies of the polymerase inhibitor 



sofosbuvir with either the NS5A inhibitor daclatasvir [14] 
or the protease inhibitor simeprevir [12], SVR rates were 
independent of RBV use. However, in a study combining 
the protease inhibitor faldaprevir and the non-nucleoside 
polymerase inhibitor deleobuvir, omitting RBV resulted in 
a marked reduction in efficacy in genotype la patients 
[15]. And for HCV genotype la patients in the phase 2 
AVIATOR trial [11], the removal of RBV from a regimen 
containing the ritonavir-boosted protease inhibitor 
ABT-450/r, the NS5A inhibitor ABT-267 and the non- 
nucleoside polymerase inhibitor ABT-33 3 resulted in a 
10% loss of efficacy. The optimal duration of therapy 
remains unknown, but with potent regimens. 12 weeks is 
probably the maximum required for most patients (with 
the potential exception for patients with advanced cirrho- 
sis). Eight-week treatment regimens can be explored, 
although this may result in a moderate (~10%) reduction 
in SVR [11] depending on the regimen. 

For regimens containing only direct-acting antivirals, 
one could imagine a scenario where more potentiaUy diffi- 
cult-to-treat patients are distinguished from a potentially 
more easUy treatable population. Difficult-to-treat patients 
may be best served by undergoing an individualized regi- 
men under the care of a specialist. Individualized therapy 
could be based upon HCV genotype, fibrosis stage, comor- 
bidities, concomitant medications or prior directly acting 
antiviral drug exposure. Populations of patients who may 
require individualized therapy but for whom evidence- 
based treatment data are limited include those with cirrho- 
sis, including decompensated cirrhosis, HIV coinfection, 
renal failure, an organ transplant or other conditions 
resulting in being immunocompromised. In the future, it is 
possible that the population of HCV positive individuals 
with FO-2 histology will undergo treatment without further 
stratification such as via HCV genotype or IL2SB polymor- 
phisms, because SVR rates wUl Ukely be in the 90% range. 

SCREENING STRATEGIES FOR HCV 

In the United States, mortality associated with hepatitis C 
is on the rise and currently exceeds that for HIV [16]. On 
the basis of survey data from 1999 to 2002, it has been 
estimated that 3.2 (2.7-3.9) million persons in the United 
States have chronic HCV infection [17]. The strongest risk 
of HCV infection is a history of injection drug use [17]. Of 
persons with chronic infection, 74% were born during the 
years 1945 through 1965 [18]. 

In 1998, CDC recommended a risk-based approach to 
screening, with routine HCV testing for persons with risk 
factors including injection drug use, having received clot- 
ting factor concentrates produced before 1987, being on 
chronic haemodialysis, having persistently abnormal ala- 
nine aminotransferase levels, being a recipient of donated 
blood from a person who tested positive for HCV. or having 
received a blood transfusion or organ transplant before 
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July 1992 [19]; in 1999, CDC recommended HCV testing 
for persons with HIV. The 2009 guidelines from the Amer- 
ican Association for the Study of Liver Diseases (AASLD) 
[20] and the 2006 guidelines from the American College 
of Gastroenterology [21] also recommend screening in 
high-risk patients. However, risk-based screening strategies 
can be limited either by clinician reluctance to ask about 
risk factors or by patient unawareness or reluctance to dis- 
close risk behaviours. As a result, use of risk-based strate- 
gies alone has resulted in a Itirge proportion of infected 
persons remaining undiagnosed: in the United States, vari- 
ous estimates indicate that 45-85% of persons with HCV 
cire unaware of their infection status [22-25], To augment 
risk-based screening, in 2012 CDC published a recommen- 
dation for one-time testing without prior ascertainment of 
HCV risk for persons born during 1945-1965 [2 5]. This 
birth-cohort approach was designed to both target persons 
with the highest prevalence of HCV infection and remove 
any behavioural stigma from screening. In the state of 
New York, legislation requiring all patients born within 
the birth-cohort period to be offered hepatitis C screening 
when they visit healthcare providers has passed the legisla- 
ture and is awaiting the governor's approval. 

It has been estimated thtit with implementation of the 
birth-cohort screening strategy, 121 000 deaths from HCV 
will be averted [26], In recognition of these and other data 
[27,28], in June 2013 the USPSTF issued a final recom- 
mendation regarding HCV testing, assigning a Grade B to 
two recommendations: screening for HCV infection in per- 
sons at high risk for infection and one-time HCV screening 
for adults born between 1945 and 1965 [29], A USPSTF 
Grade B designation expands access to clinical preventive 
services. 

For HCV screening to become widely adopted in diverse 
clinical settings providing care for persons at risk for HCV 
infection, efforts are needed at local, regional tmd national 
levels. Approximately 79 million persons were born during 
1945-1965 (the Baby Boom Generation), making birth- 
cohort based screening a daunting task. However, since 
the release of the CDC recommendations, multiple indepen- 
dent studies of HCV testing have shown birth-cohort-based 
cipproaches superior to risk-based strategies tilone [30,31], 
To increase the numbers of HCV-infected persons aware of 
their infection. CDC is implementing a national multimedia 
campaign. Know More Hepatitis, that includes education 
for consumers tmd healthcare providers (http://www.cdc. 
gov/knowmorehepatitis/). Specific initititives include mes- 
saging on airport dioramas and billboards in cities such as 
Atlanta, Washington, DC, Salt Lake City, Orlando and Las 
Vegas: online medical education for health professionals 
(http://depts.washington.edu/hepstudy/hepC/): and the 
launch of an annual National Hepatitis Testing Day 
observed on May 19th. 

Centers for Disease Control and Prevention is also con- 
ducting demonstration projects to evaluate the implemen- 



tation of risk-based and birth-cohort strategies for HCV 
strategies in over 25 clinical settings. For example, the 
Heptititis C Assessment and Testing Project in New York 
City evalucited community-based screening interventions in 
three urban primary care clinics [32], Both risk-based and 
birth-cohort-based interventions were associated with an 
increased proportion of patients tested for HCV. Both risk- 
based and birth-cohort HCV screening approaches can be 
integrated within electronic medical records. 

The new HCV screening recommendations are expected 
to increase demand for testing to detect current HCV infec- 
tion. To meet this demand, CDC recently simplified the 
HCV testing sequence [33]. Patients should first be tested 
for HCV antibody. Patients who are reactive for HCV anti- 
body should next be tested with tm FDA-approved nucleic 
acid testing assay for the detection of HCV RNA indicative 
of current HCV infection. Rapid tests for HCV antibody 
allow access to HCV testing in settings lacking laboratory- 
based diagnostic services. Rapid tests for HCV antibody 
detection include OraQuick [34], which is approved by the 
United States Food and Drug Administration (FDA), as weU 
as Chembio [34,35], MedMira [34,35] and mBio, which 
are under development. 

HCV DIAGNOSTIC TESTING AND DISEASE 
STAGING 

It is likely that the rapid improvements in treatment effi- 
cacy and tolerability anticipated with interferon-sparing 
regimens will also transform our approach to disease stag- 
ing. The historic low efficacy and safety of interferon- 
based regimens led to the recommendation for liver stag- 
ing to determine whether the benefits of treatment would 
outweigh the risks. For most patients, this required that 
there be more than just portal fibrosis. Liver biopsy was 
considered the best test for this purpose, but the proce- 
dure is costly, invasive and in a small minority of cases 
can result in complications such as significant bleeding, 
organ puncture, or death [36]. And the accuracy in stag- 
ing disease is often compromised by variability in tissue 
sampling or in interobserver or intra-observer histopatho- 
logical scoring. 

As treatment efficacy for genotype 2 and 3 infections 
improved, biopsy was no longer routinely recommended to 
justify tretitment necessity [20]. Likewise, continued 
improvements in treatment efficacy and stifety for all geno- 
types will change the primary goal of staging from justifi- 
cation of treatment benefit to identification of persons with 
cirrhosis or bridging fibrosis because they may need longer 
treatment courses and require hepatocellular carcinoma 
screening and portal hypertension management. Accord- 
ingly, the most important characteristic of a staging test is 
the negative predictive value for detection of cirrhosis. 

Noninvasive methods of assessing histology are becom- 
ing more widely used. These include measurement of 
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Table 2 FibroScan and FibroSure* for diagnosis of cirrhosis 





FibroScan 


FibroSure 


AUROC, mean (95% CI) 


0.94 (0.93-0.95) [41] 


0.86 (0.71-0.92) [38] 


Sensitivity (95% CI) 


0.83 (0.79-0.86) [104] 


0.85 [38] 


Specificity (95% CI) 


0.89 (0.87-0.91) [104] 


0.81 [38] 


Advantages 


Evaluates a genuine property of the liver 


Good reproducibility 




High performance for cirrhosis 


High applicability (>95%) 




User-friendly, point-of-contact test 






Good reproducibility 




Disadvantages 


Decreased performtmce in obese patients 

Applicability lower than serum biomarkers: 
failure in 3% of cases and unreliable results 
in 16% (obesity, ascites, limited operator experience) 

Requires a dedicated device 

Inflammation, extra-hepatic cholestatis, and 
right heart failure can provide false positive results 


Nonspecific of the liver 



*Known as FibroTest in Europe. 



serum biomarkers of fibrosis and measurement of liver stiff- 
ness through elastography (Table 2). The noninvasive 
methods have practically no complications and can be per- 
formed repeatedly to dynamically monitor progression of 
fibrosis. The rate of adoption of noninvasive diagnostic 
tests for liver fibrosis differs between international regions, 
and the United States lags behind Europe in this regard. 
The 2012 European Association for the Study of the Liver 
(EASE) guidelines for treating chronic hepatitis C suggest 
that while liver biopsy is still regarded as the reference 
method for grading inflammation and staging fibrosis, 
trtmsient elastography can be used to assess liver fibrosis, 
and noninvasive serum markers are recommended for 
detecting significant fibrosis (METAVIR score F2-F4) [37], 

In 2004, the biomarker assay FibroSure (named Fibro- 
Test in Europe) was Itmnched in the United States for 
assessing fibrosis and necroinflammatory activity. The 
assay, which can only be performed in validated laborato- 
ries, predicts a histology score on the basis of patient age, 
sex and results for serum haptoglobin, a2-macroglobulin, 
apolipoprotein Al, )'-glutamyltransferase and bilirubin 
analyses [38], In a review of 25 studies in chronic HCV, 
FibroTest had an AUROC of 0.79 (0.70-0.89) for diagnosis 
of signiflctrnt fibrosis (F > 2) and 0.86 (0.71-0.92) for liver 
cirrhosis [38]. 

If the birth-cohort screening to enhance diagnosis of 
HCV infection is fully implemented, it has been estimated 
that as many as 800 000 additional cases of HCV infection 
would be identified [26], Should there be such a large-scale 
influx of newly diagnosed patients, tests of serum biomar- 
kers will likely be a more practical approach to liver dis- 
ease staging than one restricted to liver biopsy-based 
staging. In the United States, the FibroSure test costs 
approximately $250. which is a fraction of the cost of 
biopsy. The biomarker assay AST-to-Platelet Rtitio Index 



(APRI) is not proprietary and costs no more than a routine 
blood drtiw and routine liver function tests. APRI is calcu- 
lated as (AST/upper limit of normal range)/platelet count 
(lO'^/L) X 100. However, a recent large meta-analysis sug- 
gested that APRI can identify hepatitis C-related fibrosis 
with only a moderate degree of accuracy (AUROC of 0.77 
for significant fibrosis and 0.80 for severe fibrosis) [39]. 
Alternate in vitro diagnostic testing for liver fibrosis was 
subsequently developed, including Fibrolndex and Forns 
index [38]. For identifying cirrhosis, the age-platelet index, 
APRI and Hepascore have median AUROCs of 0.80 or 
greater (range 0.80-0.91) [38]. 

Transient elastogrtiphy. using the FibroSctm device 
(Echosens, Paris, France), is widely used in several Euro- 
pean countries and has more recently been adopted in Asia 
and Ctmada. In April of 2013, FibroScan was approved by 
the FDA for use in the United States. The main limitation 
of FibroScan use in practice is its limited applicability 
(80%), mostly due to patient obesity or Umited operator 
experience [40]. Results of a meta-analysis suggest Fibro- 
Scan is a reliable method for diagnosing significant fibrosis 
(AUROC = 0.84), severe fibrosis (0.89) and particularly cir- 
rhosis (0.94) [41]. However, for diagnosing significtrnt 
fibrosis, a high variation of the AUROC was found depend- 
ing on the type of underlying liver disease [41], When 
compared tmd vaUdated externally in a multicenter pro- 
spective study, FibroScan outperformed serum biomarkers 
of fibrosis for the prediction of cirrhosis (AUROCS 0.89-90 
vs 0.77-0.86) but had similar performance for the diagno- 
sis of significant fibrosis [42]. Both FibroScan and FibroTest 
have a prognostic value similar to liver biopsy for predict- 
ing complications and outcome of liver disease [43,44], 
Combining FibroScan with Fibrotest may increase diagnos- 
tic performance for significant fibrosis [45,46], and this 
approach has been recommended in the 2012 EASE Guide- 
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Fig. 1 The heptititis C care casctide. Among patients infected with hepatitis C virus, fewer than 10% are treated and cured. 
Barriers exist in screening methods, patient referral to appropritite providers, attending necessary appointments and 
initiating treatment [49,53,54,61,74,75,105-113], 



lines as first line evaluation of liver fibrosis in ptitients with 
chronic hepatitis C [37], 

The Think Tank recognized that the goals of liver stag- 
ing are changing and that there is an urgency to revise 
guidelines accordingly. The accurate exclusion of cirrhosis 
has been recommended as the most important role for 
HCV staging in clinical practice, and an algorithm has 
been proposed on how to best utilize noninvasive tests to 
achieve this goal [47], 

BARRIERS TO CARE AND STRATEGIES TO 
ADDRESS THEM 

Among persons infected with HCV, a substantial portion 
fails to progress towards a cure at every step of treatment, 
from recognition of disease to viral clearance (Fig. 1) [48]. 
In the United States, at least half of those infected with 
HCV do not know their status [22-25]. Among patients 
who are recognized as being positive for HCV antibody, it 
is estimated that fewer than half are linked to care [49]. 
Failure to link to care represents both a lack of referral to 
a specialist for treatment and failure to attend the appoint- 
ment. Even after being linked to proper caregivers, patients 
can fail to receive pretreatment work-up. meet eligibility 
criteria for treatment or agree to initiate treatment. 

Reasons for these failures can be attributed to barriers at 
the level of patients, providers and the healthcare system 
itself. Patients can have limited access to health care, 
because of lack of or limited insurance [50], low health lit- 
eracy or not having a usual source of medical care. They 
can also have competing health priorities, such as mental 
health issues [51] or comorbidities [52]. Issues related to 
patient behaviours or environment, such as substance 
cibuse [53,54], lack of drug tretitment, lack of socitil support 
[55] or unstable employment or housing [56], may also 



limit uptake of treatment. Patients may also htive limited 
knowledge of HCV and its treatment and may not perceive 
it as being something they need to worry about because the 
disease is largely asymptomatic [57]. Finally, many patients 
fear the side effects of IFN-based regimens [57], 

Primary care providers can have misconceptions about 
whom to screen, risk of progression of liver disease or 
ztherapy itself [58,59], Even specialists in liver disease may 
have limited experience treating HCV [60]. Providers also 
can be selective about which patients they consider as 
good candidates for therapy and fail to recommend treat- 
ment because of concerns about nonadherence, drug use 
[61] or risk of re-infection. 

Governments and payers play key roles in delivering 
HCV services: surveying infection, testing and treatment 
rates; and educating the public and as well as healthcare 
providers. Unfortunately, the United States has poorly 
developed surveillance systems, inadequate educational ini- 
tiatives and fragmented viral hepatitis services [62], Also 
at issue are insufficient numbers of providers who can and 
are willing to treat HCV [63] and insufficient resources for 
case managers, navigators and social workers. 

Training community-based healthcare providers to treat 
HCV mtiy become a key method for broadening access to 
cure. Community-based health centres often have advanta- 
ges of being culturally appropriate and accessible to 
patients in both urban and rural areas. In these settings, 
ongoing relationships with providers may establish trust 
and an avenue for communication. The Extension for Com- 
munity Healthcare Outcomes model was developed as a 
means of using video-conferencing to train primary care 
providers through interactions with specialists to treat 
complex diseases, such as HCV. In New Mexico, the pro- 
gramme was successful in generating rates of SVR at 21 
sites in rural areas and prisons that were similar to rates 
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of SVR tit the University of New Mexico's HCV clinic [64]. 
Other strategies to improve rates of initiation and comple- 
tion of therapy include having peer navigators and inte- 
grtited care programmes. 

The Think Tank believed that screening in conjunction 
with an all-oral treatment paradigm would reduce the bar- 
riers to care and allow treatment within primary care and 
community sites for many HCV-infected patients. 

PHARMACOECONOMICS OF HEPATITIS C 

The sequelae of hepatitis C impose a high economic bur- 
den. It has been estimated that in 2012, the healthcare 
cost of HCV was $6.5 billion, and it has been predicted the 
cost will peak at $9.1 billion in 2024 [65]. A retrospective 
analysis of data from a large, managed care organization 
claims database suggested that the annual all-cause medi- 
cal costs of patients diagnosed with HCV were almost twice 
as high as enroUees without diagnosed HCV [66], The 
health burden of HCV largely relates to the development of 
advanced liver disease, which can lead to liver transplant. 
In the United States. HCV is the leading cause of hepatocel- 
lular carcinoma [67], and it is likely that more cases of 
hepatocellular carcinoma, decompensated cirrhosis and 
liver transplants due to HCV will be observed in the com- 
ing years [68], The medical cost of hepatocellular carci- 
noma has been estimated as $2 3 755-44 200 per year 
per person, and the cost of liver transplant has been esti- 
mated as $201 110 per year per person [69], Additional 
disease burden and costs are generated by extrahepatic 
manifestations of HCV infection including cryoglobulinemic 
vasculitis, lymphoproliferative disorders, renal disease and 
rheumatoid-like polyarthritis [70], 

The addition of telaprevir or boceprevir to PEG-IFN plus 
RBV has chtmged the pharmacoeconomics of treating 
HCV, Adding the directly acting antivirals to PEG-IFN and 
RBV can increase the cost of treatment up to $50 000, 
depending upon individual regimens needed [71], yet the 
antivirals also increase the success rates of therapy. At 
present, economic evaluations of telaprevir or boceprevir 
with PEG-IFN and RBV are limited, A decision analysis of 
telaprevir and boceprevir indicated that triple thertipy 
including telaprevir or boceprevir was cost-effective when 
compared with dual PEG-IFN and RBV therapy in patients 
with genotype 1 infection [72], although the results were 
dependent on the cost of protease inhibitors, treatment 
adherence rates and extent of fibrosis. More recently, a 
study from Mount Sinai in New York has estimated that 
the real cost of reaching end of therapy with triple therapy 
may be as high as $147 000 when the cost of side effect 
management is included [73], 

As new all-oral regimens enter the market, several fac- 
tors will affect their cost-effectiveness: success rtites in 
patients with advanced liver disease or difflcult-to-treat 
HCV genotypes, costs related to monitoring tmd managing 



treatment-related toxicities, extent of clinically relevant 
viral resistance and duration of therapy. The costs of new 
agents will also be considered against the costs of current 
IFN-based therapy, which is challenging to administer and 
has side effects requiring ongoing management. The domi- 
nant factor in cost assessments of treatment should be the 
efBcacy of the treatment because all those who fail experi- 
ence most or all of the cost and none of the benefit. But 
high projected costs of new directly acting antiviral 
treatments may result in lack of access for some patients. 
Industry-created assistance and co-pay programmes can be 
instrumental in making treatment more affordable and 
accessible. Public health programmes to support engaging 
HCV-infected persons in care should also be explored to 
provide infrastructure for wrap-around services that may 
not be reimbursable (e.g. coordination of care or peer sup- 
port). Given the projected high costs of treatment, rela- 
tively minor investments in patient support mechanisms 
are easily justified but not often implemented because of 
the nature of the fee-for-service healthcare deUvery system 
in the United States, Enhanced communication between 
physicians tmd third-party payers may increase the avail- 
ability of new therapies to patients, 

SPECIAL POPULATIONS 

Patients with drug addiction 

The majority of prevalent and incident infections of HCV 
occur among injection drug users. Surveillance data have 
provided evidence that among persons aged 15-24 years, 
injection drug use is causing a rapid increase in HCV infec- 
tions [9], The increase appears to be occurring predomi- 
nantly in non-Hispanic white males and females. More 
effort is needed to better understand this trend and to 
ensure that young injection drug users are tested and 
engaged in care. 

Fewer than 20% of drug users with HCV initiate antivi- 
ral therapy [49,54,74,75], principally because of lack of 
knowledge about HCV, an exaggerated concern about 
treatment-related side effects and a low perceived need for 
treatment. There has been reluctance among many health- 
care providers to treat drug users because of concerns 
about adherence, potential reinfection even if SVR is 
attained, and overall lack of experience and consequent 
discomfort with the care of patients with addiction prob- 
lems. Despite concerns regarding adherence to HCV treat- 
ment, results of a recent meta-analysis suggest that 
treatment completion rates among drug users who initiate 
therapy are over 80% [76], Addiction treatment and sup- 
port services (including peer support) increase HCV treat- 
ment completion rates [77-80], Multidisciplinary models 
for the management of HCV among people who inject 
drugs have been described in community-based cUnics, 
substance abuse treatment cUnics and hospital-based clin- 
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ICS [79.81-83]. For example, integrating internist-addiction 
medicine specialists from a methadone maintenance treat- 
ment programme into a hepatitis clinic improved adher- 
ence with HCV evaluation and treatment relative to 
standard referral practices in patients with prior or ongo- 
ing drug use [78]. Education of both patients and providers 
about the disease and close collaboration between HCV 
treaters and those who treat addiction are important ele- 
ments to promote successful treatment of this patient 
population. Evidence-based international recommendations 
for treating hepatitis C in people who inject drugs were 
recently released [84]. 

As HCV treatment shifts to all-oral regimens, wider 
uptake among drug users is likely to occur because of 
decreased side effects, elimination of mental illness as an 
exclusion for therapy and elimination of needle exposure 
during therapy. As suggested by modelling data, even 
modest increases in the numbers of active injection drug 
users who receive treatment may interrupt HCV transmis- 
sion enough to result in substantial declines in HCV preva- 
lence [85,86], If the modelling data are verified by field 
studies, timely HCV detection and treatment and their inte- 
gration with other services for drug addiction will take on 
new urgency. The Think Tank emphasized the need for 
interventions that facilitate access to HCV therapy for drug 
users, such as promoting HCV treatment among addiction 
medicine specialists. In clinical studies of novel therapies, 
exclusion criteria often limit participation of patients with 
a history of injection drug use, even if patients have not 
been using for a long time. Broadening criteria to include 
such patients would better inform efficacy of treatment in 
this population. 

Patients with cirrhosis 

Diagnosis of cirrhosis in patients with HCV is importtmt in 
part because these patients have a higher incidence of hepa- 
tocellular carcinoma and a potential for bleeding from 
oesophageal varices. Screening for each of these may result 
in reductions in morbidity and mortality. Although the pres- 
ence of cirrhosis decreases the lil<:elihood of response to cur- 
rent triple therapy regimens and increases the risk of side 
effects [87], its presence does not rule out the possibility of 
initiating therapy. Patients with compensated cirrhosis 
(Childs-Pugh A) may be candidates for triple therapy if they 
have well-maintained hepatic synthetic function tmd no 
compliccitions of portal hypertenstion (as assessed by serum 
albumin and platelets). Indeed, treatment has traditionally 
been considered strongly indicated in well-compensated 
cirrhosis to prevent further disease progression or decom- 
pensation. In contrast, patients with decompensated cirrho- 
sis (Childs-Pugh B or C) are no longer considered candidates 
for receiving current triple therapy regimens. Some of the 
newer regimens have demonstrated promising rates of 
efficacy for patients with cirrhosis [88.89]. The most exten- 
sively studied oral regimen, with data from a phase 3 



programme, is sofosbuvir and ribavirin in patients with 
genotypes 2 and 3, in which cirrhosis had an impact in 
patients with genotype 3 that may be ameliorated with 
longer duration of therapy [8], With the proliferation of 
novel drugs and regimens under investigation, studies are 
needed to address issues such as the pharmacokinetics and 
pharmacodynamics in the setting of cirrhosis: tolerability 
and efficacy across Childs-Pugh A, B and C patients; and 
impact of SVR on clinical outcomes. Drug-drug interactions, 
especially in post-transplant patients, must also be evalu- 
ated. There is an urgent need for these issues to be addressed 
as early in drug development programmes as possible. 

Patients with HCV-HIV coinfection 

Persons with HIV infection have a high prevalence of 
chronic HCV infection with a tendency towards more rapid 
progression to cirrhosis and potentially less access to liver 
transplantation. Some reports suggest that relative to HCV 
mono-infected patients, HIV-HCV coinfected patients also 
have higher rates of comorbid conditions such as drug use. 
major depression and anaemia [90]. With HIV therapies, 
drug interactions may occur and mtiy be difficult to pre- 
dict; therefore, novel direct antiviral therapies for HCV will 
need to be evaluated for their potential for interaction with 
at least some HIV antiretrovirals. Coinfected patients have 
reduced rates of response to therapy with PEG-IFN and 
RBV [91], but adding telaprevir or boceprevir increases effi- 
cacy of therapy [92,9 3], Some of the newer regimens may 
have even greater efficacy [94,95]. Curing HCV in coinfect- 
ed patients is linked to improved clinical outcomes and 
longer survival [93,96]. Conducting studies of the newer 
regimens in coinfected patients will be important for gener- 
ating data needed to develop practice guidelines and justify 
third-party ptiyment. 

PRIORITIES FOR EDUCATION AND RESEARCH 

Although all-oral therapies are likely to be simpler to 
administer than IFN-based therapies, educating patients 
and providers will remain a challenge. Both patients and 
providers need to receive clear messages on the natural his- 
tory of HCV, with Wcirning signs and an explanation of 
why diagnosis and treatment is important. Providers will 
need to be educated regtirding best practices for screening, 
diagnosis and treatment. Partnerships between members of 
academia, community health centres, the HCV-affected 
community, the pharmaceutical industry, healthcare pay- 
ers and federal, state, and local government entities are 
very useful for performing postmarketing studies and edu- 
cation (Table 3). One example is the CDC Foundation's 
Viral Hepatitis Action Coalition (http;//www.vLralhepatitis- 
action.org/). 

Updated treatment guidelines serve as a valutible 
resource for providers and also influence payer policies. The 
most recent guidelines for diagnosing, managing and 
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Table 3 Delivering solutions for hepatitis C 

Advance tmd simplify treatment 

Improve efficacy, safety and tolerability 

Eliminate interferon 

Shorten treatment duration 

Develop pan-genotypic all-oral regimens 
Increase awareness and screening 

Support efforts to enhance public awtireness, education, 
and testing 

Develop programmes to educate providers 

Participate in public-private partnerships (e.g. Viral 
Hepatitis Action Coalition) 
Ensure access to therapy 

Provide patient assistance, co-pay programmes 

Collaborate with international partners 

Develop innovative access models (e.g. licensing 
agreements) 



treating hepatitis C in the United States were published by 
the AASLD in 2009 [20], before FDA approval of telaprevir 
and boceprevir. A 2011 update revised treatment recom- 
mendations for patients with HCV genotype 1 [97], yet the 
approach to testing and staging was not reassessed. Expert 
opinion pieces ctm be helpful when guidelines are outdated 
and should be considered as a means to provide guidance 
in a rapidly changing field. In July 2013, the AASLD and 
Infectious Diseases Society of America announced a collabo- 
ration to develop clinical recommendations for managing 
hepatitis C. To serve the medical community in the next 
few years, one can anticipate a need for much more fre- 
quent revisions by the professional societies to keep pace 
with the evolution of a diverse group of therapies. The more 
nimble and rapid methods for updtiting guidelines in HIV 
could inform processes for updating guidelines in HCV. 

Research in HCV should include evaluations of screen- 
ing, care and therapy in community healthcare clinics, 
drug treatment programmes and other settings providing 
care to persons at risk for HCV infection. Improved and 
expanded disease surveillance throughout the country is 
indicated to better understand trends in transmission and 
diagnosis. Serum biomarker assays to identify patients 
likely to achieve a successful treatment outcome early on 
should be incorporated into ongoing clinical trials of novel 
therapies. As novel approaches towtirds screening and 
treatment are developed, especially in rural or underserved 
settings, it will be important that outcomes be reported so 
that successful strategies can be imparted to others. 

To understand the effects of cure on long-term health 
outcomes, endpoints other than SVR should be evaluated 
in clinical studies, and this is particularly true for confir- 
mation of a reduction in the risk of development of hepato- 
cellulcir carcinoma, liver failure and liver-reltited and 
overall mortaUty in patients with cirrhosis. Registries care- 
fuUy noting those who achieved viral eradication would be 



useful for charting areas of success as well as ongoing 
need. Such registries may also be helpful in identifying less 
frequent side effects not noted in the registration trials as 
well as outcomes in specific patient subgroups. 

CONCLUSIONS 

We have outUned the many challenges that lie ahead for 
healthcare providers as we attempt to reverse the rising 
morbidity tmd mortality associated with HCV. The new 
opportunities afforded by screening and improved diagnos- 
tics, education and treatment have created gretit excite- 
ment both in the medical community and in our patients, 
and the opportunities raise the prospect of eradicating 
HCV-related liver disease and eventually transmission. In 
the United States, HCV has all the attributes of an eradica- 
ble disease except sufficient public investment. Delivering 
care effectively, safely and broadly to all patient popula- 
tions in an economically acceptable fashion must be our 
goal now and over the next 5-10 years. 

ACKNOWLEDGEMENTS 

The costs of this meeting were sponsored by Boehringer 
Ingelheim, Ingelheim, Germany: Gilead Sciences, Inc., 
Foster City, CA; Idenbc Pharmaceuticals, Cambridge, MA; 
Janssen Research & Development, Raritan, NJ; Janssen 
Therapeutics, Titusville, NJ; Laboratory Corporation of 
America, Burlington, NC; Liver Institute for Education and 
Research, NJ: Novartis Pharmaceuticals Corporation, East 
Hanover, NJ; Quest Diagnostics, Madison, NJ; Roche Molec- 
ulcir Diagnostics, Pleasanton, CA; and Vertex Pharmaceuti- 
cals, Inc., Cambridge, MA. Jennifer King, PhD, helped draft 
the article. 

FINANCIAL DISCLOSURES 

The following authors disclose financial relationships with 
one or more meeting sponsors. Nezam H. Afdhal; research 
support from Abbott Laboratories, Bristol-Myers Squibb, Gi- 
lead Sciences, Inc., GlaxoSmithKline, Merck & Co, Inc., and 
Vertex Phtirmaceuticals, Inc.; consultant or advisory 
arrangements with Boehringer Ingelheim, Echosens, Gilead 
Sciences, Inc., GlaxoSmithKline, Kadmon Corporation, 
Ligand Pharmaceuticals, Inc., Medgenics Inc., Merck & 
Co.. Inc.. Novartis Pharmaceutical Corporation, Spring 
Bank Pharmaceuticals, Inc., Quest Diagnostics, and Vertex 
Pharmaceuticals, Inc.; and stock ownership in Medgenics, 
Inc. and Spring Bank Pharmaceuticals, Inc. Ira M. Jacob- 
son; advisor for AbbVie Pharmaceuticals, Achillion Phar- 
maceuticals, Inc., Boehringer Ingelheim, Bristol-Myers 
Squibb, Enanta Pharmaceuticals, Inc., Gilead Sciences, Inc., 
GlaxoSmithKline, Idenix Phtirmaceuticals, Kadmon Corpo- 
ration, Merck & Co., Inc.. Novartis Pharmaceuticals Corpo- 
ration, Genentech, Inc., Janssen Therapeutics, and Vertex 



© 2013 The Authors. Journal of Viral Hepatitis pubUshed by John Wiley & Sons Ltd 



New paradigm of hepatitis C therapy 755 



Pharmaceuticals, Inc.; consultant for Abbott Laboratories, 
Achillion Pharmaceuticals, Inc., Boehringer Ingelheim, 
Bristol-Myers Squibb, Enanta Pharmaceuticals. Inc., Gilead 
Sciences, Inc., GlaxoSmithKline, Idenix Pharmaceuticals, 
Kadmon Corporation, Merck & Co., Inc., Novartis Pharma- 
ceutical Corporation, Genentech, Inc., Janssen Therapeu- 
tics, and Vertex Pharmaceuticals, Inc.; grant support from 
Abbott Laboratories, Achillion Pharmaceuticals, Inc., Boeh- 
ringer Ingelheim, Bristol-Myers Squibb, Gilead Sciences, 
Inc., Merck & Co., Novartis Pharmaceutical Corporation. 
Pfizer Inc., Genentech, Inc., Janssen Therapeutics, and Ver- 
tex Pharmaceuticals, Inc.; and speakers bureau for Bristol- 
Myers Squibb, Gilead Sciences. Inc., Merck & Co., Genen- 
tech, Inc., and Vertex Pharmaceuticals, Inc. Stefan 
Zeuzem; honoraria tmd consultant fees from Abbott Labo- 
ratories, Achillion Pharmaceuticals, Inc., Boehringer Ingel- 
heim, Bristol-Myers Squibb, Gilead Sciences, Inc., Idenix 
Pharmaceuticals, Janssen Therapeutics, Merck & Co., Nov- 
artis Pharmaceutical Corporation, Roche, Presidio Pharma- 
ceuticals, Inc., Santaris Pharma A/S, and Vertex 
Pharmaceuticals, Inc.; and speakers bureau for Abbott Lab- 
oratories. Boehringer Ingelheim, Bristol-Myers Squibb, Gi- 
lead Sciences, Inc., Janssen Therapeutics, Merck & Co., and 
Vertex Pharmaceuticals, Inc. Robert Schooley; grant sup- 
port from Boehringer Ingelheim and Bristol-Myers Squibb; 
consultant for Johnson & Johnson, Merck & Co., and 
Santaris Pharma A/S; board member for Gilead Sciences, 
Inc., Globelmmune Inc., and Monogram Biosciences; stock 
ownership in Globelmmune Inc. and Achillion Pharmaceu- 
ticals. David L. Thomas; grant support from Merck & Co., 
Inc.; consultant for Gilead Sciences, Inc., Janssen Thera- 
peutics, and Merck & Co.; provisions of medicines, equip- 
ment, or administrative support from Gilead Sciences, Inc.; 
medications for Nitt Study from Merck & Co., Inc. Alain 
Litwin; consultant for Boehringer Ingelheim, Janssen Ther- 
apeutics, Kadmon Corporation, and Gilead Sciences, Inc.; 
grant support from Vertex Pharmaceuticals, Inc. Homie 



Razavi; consultant for Abbott Laboratories, Boehringer In- 
gelheim, Gilead Sciences, Inc., Merck & Co., Inc.. Novartis 
Pharmaceutical Corporation, and Vertex Pharmaceuticals, 
Inc. Laurent Castera; speakers bureau for Gilead Sciences, 
Inc., Janssen Therapeutics, and Merck & Co. Inc.; board 
member for Merck & Co., Inc., Bristol-Myers Squibb, and Gi- 
lead Sciences, Inc. Thierry Poynard; speakers bureau and 
consultant for Merck & Co., Inc.; stock ownership in BioPre- 
dictive. Andrew Muir; grant support from Abbott Laborato- 
ries. Achillion Pharmaceuticals. Bristol-Myers Squibb, 
Gilead Sciences, Inc.. GlaxoSmithKline, Globelmmune Inc., 
Medtronic, Inc., Merck & Co., Inc.. Pfizer. Inc., Roche, Scyn- 
exis. Inc., and Vertex Pharmaceuticals, Inc.; consultant for 
Achillion Pharmaceuticals, Bristol-Myers Squibb, Gilead Sci- 
ences, Inc.. Merck & Co., Inc., Profectus Biosciences, Inc., 
Scynexis, Inc., and Vertex Pharmaceuticals, Inc. Camilla 
Graham, former employee of Vertex Pharmaceuticals (left 
9/28/12), Andrew Talal; grant support from Abbott Labo- 
ratories, Bristol-Myers Squibb, Boehinger Ingelheim, Roche, 
Gilead Sciences, Inc., Merck & Co., Inc., Tibotec Pharma- 
ceuticals, Ltd.. and Vertex Pharmaceuticals, Inc.; advisor 
for Abbott Diagnostics. Boehringer Ingelheim, Merck & Co., 
and Pfizer, Inc.; developed eductitional presentations for 
Medscape and Merck & Co., Inc. Mtirk Sulkowski; advisor 
and consulttmt for AbbVie Pharmaceuticals, Boehinger In- 
gelheim, Bristol-Myers Squibb, Gilead Sciences, Inc., Idenix 
Pharmaceuticals, Janssen Therapeutics, Merck & Co., Inc., 
Roche, and Vertex Pharmaceuticals; grants from AbbVie 
Pharmaceuticals, Boehinger Ingelheim, Bristol-Myers 
Squibb, Gilead Sciences, Inc., Janssen Therapeutics, Merck 
& Co., Inc., Roche, and Vertex Pharmaceuticals. Daniel 
Church, Lynda Dee, and Shruti Mehta have no potential 
conflicts to disclose. John Ward has no potential conflicts 
of interest to disclose; the findings and conclusions in this 
report are those of the author(s) and do not necessarily 
represent the official position of the Centers for Disease Con- 
trol and Prevention. 



REFERENCES 

1 Kwo PY. Lawitz EJ. McCone J et al. 
Efficacy of boceprevir, an NS3 pro- 
tease inhibitor, in combination 
with peginterferon alfa-2b and 
ribavirin in treatment-naive 
patients with genotype 1 hepatitis 
C infection (SPRINT-1): an open- 
label, randomised, multicentre 
phase 2 trial. Lancet 2010: 376: 
705-716. 

2 Poordad F, McCone J Jr, Bacon BR 
et al. Boceprevir for untreated 
chronic HCV genotype 1 infection. N 
Engl] Med 2011: 364: 1195-1206. 

3 Jacobson IM, McHutchison JG, 
Dusheiko G et al. Telaprevir for pre- 



viously untreated chronic hepatitis 
C virus infection. N Engl ] Med 
2011; 364: 2405-2416. 

4 McHutchison JG, Everson GT, 
Gordon SC et al. Telaprevir with pe- 
ginterferon and ribavirin for chronic 
HCV genotype 1 infection. N Engl J 
Med 2009: 360: 1827-1838. 

5 Fontaine H, Pol S. Antiviral activity 
of telaprevir and boceprevir for the 
treatment of hepatitis C virus infec- 
tion in treatment-experienced 
patients. Clin Res Hepatol Gastroen- 
terol 2011; 35(Suppl 2): S59-S63. 

6 Gane EJ, Stedman CA. Hyland RH 
et al. Nucleotide polymerase inhibi- 



tor sofosbuvir plus ribavirin for 
hepatitis C. N Engl ] Med 2013; 
368: 34-44. 

7 Poordad F, Lawitz E, Kowdley KV 
et al. Exploratory study of oral 
combination antiviral therapy for 
hepatitis C. N Engl ] Med 2013: 
368: 45-53. 

8 Jacobson IM, Gordon SC, ICowdley 
KV et al. Sofosbuvir for hepatitis C 
genotype 2 or 3 in patients without 
treatment options. N Engl J Med 
2013; 368: 1867-1877. 

9 Centers for Disease Control Preven- 
tion (CDC). Hepatitis C virus infec- 
tion among adolescents and young 



© 2013 The Authors. Journal of Viral Hepatitis published by John Wiley & Sons Ltd 



756 N. H. Afdhal et al. 



adults: Massachusetts, 2002-2009. 
MMWR Morh Mortal Wkly Rep 
2011: 60: 537-541. 

10 Ngo-Metzger 0, Ward JW. Valdis- 
erri RO. Expanded hepatitis C vims 
screening recommendations pro- 
mote opportunities for care and 
cure. Ann Intern Med 2013; 159: 
364-365. 

11 Kowdley KV, Lawitz E, Poordad F 
et al. Safety and efficacy of inter- 
feron-free regimens of ABT-450/r, 
ABT-267, ABT-33 3 +/- ribavirin 
in patients with chronic HCV GTl 
infection: results from the AVIA- 
TOR Study. / Hepatol 2013; 58 
(Suppl. SI): S2. 

12 Lawitz E, Ghalib R. Rodriguez-Tor- 
res M et al. Suppression of viral 
load through 4 weeks post-treat- 
ment results of a once-daily regi- 
men of simeprevir + sofosbuvir 
with or without ribavirin in hepati- 
tis C virus GT 1 null responders. 
Program and Abstracts of the 20th 
Conference on Retroviruses and 
Opportunistic Infections 2013; 
Abstract 155LB. 

13 Sulkowski MS. Gardiner DF, Rodri- 
guez-Torres M et al. Sustained viro- 
logic response with daclatasvir 
plus sofosbuvir +/— ribavirin 
(RBV) in chronic HCV genotype 
(GT) 1 -infected patients who previ- 
ously failed telaprevir (TVR) or 
boceprevir (BOC). / Hepatol 2013; 
58(Suppl. 1): S570. 

14 Sulkowski MS. Gardiner DF. Rodri- 
guez-Torres M et al. High rate of 
sustained virologic response with 
the all-oral combination of daclatas- 
vir (NS5A inhibitor) plus sofosbuvir 
(nucleotide NS5B inhibitor), with or 
without ribavirin, in treatment- 
naive patients chronically infected 
with HCV genotype 1, 2, or 3. Hepa- 
tology 2012; 56(Suppl. SI); 
Abstract LB-2. 

15 Zeuzem S, Soriano V, Asselah T 
et al. Faldaprevir and deleobuvir 
for HCV genotype 1 infection. N 
Engl J Med 20li: 369: 630-639. 

16 Ly ICN, Xing J, IClevens RM, Jiles 
RB, Ward JW, Holmberg SD. The 
increasing burden of mortality 
from viral hepatitis in the United 
States between 1999 and 2007. 
Ann Intern Med 2012; 156: 
271-278. 



17 Armstrong GL, Wasley A, Simard 
EP, McQuillan GM, ICuhnert WL, 
Alter MJ. The prevalence of hepati- 
tis C virus infection in the United 
States, 1999 through 2002. Arm 
Intern Med 2006; 144: 705-714. 

18 Smith BD, Patel N, Beckett GA, 
Jewett A, Ward ]W. Hepatitis C 
virus antibody prevalence, corre- 
lates and predictors among persons 
born from 1945 through 1965, 
United States, 1999-2008. Hepa- 
tologij 2011; 54(Suppl. SI); 
Abstract 241. 

19 Recommendations for prevention 
and control of hepatitis C virus 
(HCV) infection and HCV-related 
chronic disease. Centers for Disease 
Control and Prevention. MMWR 
Recomm Rep 1998: 47(RR-19); 
1-39. 

20 Ghany MG, Strader DB, Thomas 
DL. Seeff LB. Diagnosis, manage- 
ment, and treatment of hepatitis C: 
an update. Hepatology 2009; 49: 
1335-1374. 

21 Dienstag JL, McHutchison JG, 
American Gastroenterological 
Association medical position state- 
ment on the management of hepa- 
titis C. Gastroenterology 2006; 130: 
225-230. 

22 Roblin DW. Smith BD, Weinbaum 
CM, Sabin ME. HCV screening 
practices and prevalence in an 
MCO, 2000-2007. Am ] Manag 
Care 2011; 17; 548-555. 

23 Southern WN, Drainoni M-L, 
Smith BD et al. Hepatitis C testing 
practices and prevalence in a high- 
risk urban ambulatory care setting. 
/ Viral Hepat 2011; 18: 474^81. 

24 Volk ML, Tocco R, Saini S, Lok 
ASF. Public health impact of anti- 
viral therapy for hepatitis C in the 
United States. Hepatology 2009; 
50: 1750-1755. 

25 Smith BD, Morgan RL, Beckett GA 
et al. Recommendations for the 
identification of chronic hepatitis C 
virus infection among persons born 
during 1945-1965. MMWR Re- 
comm Rep 2012; 61; 1-32. 

26 Rein DB, Smith BD, Wittenborn JS 
et al. The cost-effectiveness of 
birth-cohort screening for hepatitis 
C antibody in U.S. primary care 
settings. Ann Intern Med 2012; 
156; 263-270. 



27 Morgan RL, Baack B, Smith BD, 
Yartel A. Pitasi M, Falck-Ytter Y. 
Eradication of hepatitis C virus 
infection and the development of 
hepatocellular carcinoma; a meta- 
analysis of observational studies. 
Ann Intern Med 2013; 158: 329- 
337. 

28 Van der Meer AJ, Veldt BJ. Feld JJ 
et al. Association between sus- 
tained virological response and all- 
cause mortality among patients 
with chronic hepatitis C and 
advanced hepatic fibrosis. JAMA 
2012; 308; 2584-2593. 

29 Moyer VA, on behalf of the U.S. 
Preventive Services Task Force. 
Screening for hepatitis C virus 
infection in Adults: U.S. preventive 
services task force recommendation 
statement. Ann Intern Med 2013; 
159; 349-357. 

30 Eclonan MH. Talal AH, Gordon SC, 
Schiff E. Sherman KE. Cost-effec- 
tiveness of screening for chronic 
hepatitis C infection in the United 
States. C;iJi Infect Dis 2013; 56: 
1382-1393. 

31 McEwan P, Ward T, Yuan Y, ICim 
R. L'italien G. The impact of timing 
and prioritization on the cost-effec- 
tiveness of birth cohort testing and 
treatment for hepatitis C virus in 
the United States. Hepatology 2013; 
58; 54-64. 

32 Litwin AH, Smith BD, Drainoni M- 
L et al. Primary care-based inter- 
ventions are associated with 
increases in hepatitis C virus test- 
ing for patients at risk. Dig Liver 
Dis 2012; 44; 497-503. 

33 Centers for Disease Control Preven- 
tion (CDC). Testing for HCV infec- 
tion; an update of guidance for 
clinicians and laboratorians. 
MMWR Morb Mortal Wkly Rep 
2013; 62: 362-365. 

34 Smith BD, Teshale E, Jewett A 
et al. Performance of premarket 
rapid hepatitis C virus antibody 
assays in 4 national human immu- 
nodeficiency virus behavioral sur- 
veillance system sites. Clin Infect 
Dis 2011; 53; 780-786. 

35 Jewett A, Smith BD, Garfein RS, 
Cuevas-Mota J. Teshale EH, Wein- 
baum CM. Field-based performance 
of three pre-market rapid hepatitis 
C virus antibody assays in STAHR 



© 2013 The Authors. Journal of Viral Hepatitis published by John Wiley & Sons Ltd 



New paradigm of hepatitis C therapy 757 



(Study to Assess Hepatitis C Risic) 
among young adults who inject 
drugs in San Diego. CA. / Clin Virol 
2012; 54: 213-217. 

36 Baranova A, Lai P, Birerdinc A, 
Younossi ZM. Non-Invasive mariners 
for hepatic fibrosis. BMC Gastroen- 
terol 2011; 11: 91. 

37 European Association for the Study 
of the Liver. EASL clinical practice 
guidelines: management of hepati- 
tis C virus infection. / Hepatol 
2011; 55: 245-264. 

38 Chou R. Wasson N. Blood tests to 
diagnose fibrosis or cirrhosis in 
patients with chronic hepatitis C 
virus infection: a systematic 
review. Ann Intern Med 2013; 158: 
807-820. 

39 Lin Z-H, Xin Y-N. Dong 0-J et al. 
Performance of the aspartate ami- 
notransferase-to-platelet ratio index 
for the staging of hepatitis C- 
related fibrosis: an updated meta- 
analysis. Hepatology 2011; 53: 
726-736. 

40 Caste'ra L. Foucher f, Bernard P-H 
et al. Pitfalls of liver stiffness mea- 
surement: a 5 -year prospective 
study of 13,369 examinations. 
Hepatology 2010; 51: 828-835. 

41 Friedrich-Rust M, Ong M-F, Mar- 
tens S et al. Performance of tran- 
sient elastography for the staging 
of liver fibrosis: a meta-analysis. 
Gastroenterology 2008: 134: 960- 
974. 

42 Degos F, Perez P, Roche B et al. 
Diagnostic accuracy of FibroScan 
and comparison to liver fibrosis 
biomarkers in chronic viral hepati- 
tis: a multicenter prospective study 
(the FIBROSTIC study). / Hepatol 
2010; 5 3: 1013-1021. 

43 Klibansky DA, Mehta SH, Curry M, 
Nasser L Challies T, Afdhal NH. 
Transient elastography for predict- 
ing clinical outcomes in patients 
with chronic liver disease. / Viral 
Hepat 2012; 19: el84-el93. 

44 Vergniol J, Foucher J, Terrebonne 
E et al. Noninvasive tests for fibro- 
sis and liver stiffness predict 5-year 
outcomes of patients with chronic 
hepatitis C. Gastroenterology 2011; 
140: 1970-1979. 

45 Caste'ra L. Vergniol f, Foucher J 
et al. Prospective comparison of 
transient elastography, Fibrotest, 



APRI, and liver biopsy for the 
assessment of fibrosis in chronic 
hepatitis C. Gastroenterology 2005; 
128: 343-350. 

46 Poynard T, Ingiliz P, Elkrief L et al. 
Concordance in a world without a 
gold standard: a new non-invasive 
methodology for improving accu- 
racy of fibrosis markers. PLoS ONE 
2008; 3: e3857. 

47 Bonder A, Afdhal NH. Biopsy no 
more: changing the screening and 
diagnostic algorithm for hepatitis 
C. Clin Gastroenterol Hepatol 2013; 
11: 309-310. 

48 Holmberg SD, Spradling PR, Moor- 
man AC, Denniston MM. Hepatitis 
C in the United States. N Engl } 
Med 2013; 368: 1859-1861. 

49 Fishbein DA, Lo Y. Reinus JF, Gou- 
revitch MN, Klein RS. Factors asso- 
ciated with successful referral for 
clinical care of drug users with 
chronic hepatitis C who have or 
are at risk for HIV infection. / 
Acquir Invnune Defic Syndr 2004; 
37: 1367-1375. 

50 Ong JP, Collantes R, Pitts A, Mar- 
tin L, Sheridan M, Younossi ZM. 
High rates of uninsured among 
HCV-positive individuals. / Clin 
Gastroenterol 2005; 39: 826-830. 

51 Schaefer M, Capuron L, Friebe A 
et al. Hepatitis C infection, antiviral 
treatment and mental health: a 
European expert consensus state- 
ment. / Hepatol 2012; 57: 1379- 
1390. 

52 Miller L, Fluker S-A, Osborn M, Liu 
X, Strawder A. Improving access 
to hepatitis C care for urban, 
underserved patients using a 
primary care-based hepatitis C 
clinic. / Natl Med Assoc 2012: 104: 
244-250. 

5 3 Morrill JA. Shrestha M, Grant RW. 
Barriers to the treatment of hepati- 
tis C. Patient, provider, and system 
factors. / Gen Intern Med 2005; 20: 
754-758. 

54 Mehta SH. Genberg BL, Astembor- 
ski J et al. Limited uptake of hepati- 
tis C treatment among injection 
drug users. J Cojnmunity Health 
2008; 33: 126-133. 

55 Blasiole JA, Shinkunas L, Labrec- 
que DR, Arnold RM, Zickmund SL, 
Mental and physical symptoms 
associated with lower social sup- 



port for patients with hepatitis C. 
World ] Gastroenterol 2006; 12: 
4665-4672. 

56 Treloar C, Newland J, Ranee J, 
Hopwood M. Uptake and delivery 
of hepatitis C treatment in opiate 
substitution treatment: perceptions 
of clients and health professionals. 
/ Viral Hepat 2010; 17: 839-844. 

57 Khokhar OS, Lewis JH. Reasons 
why patients infected with chronic 
hepatitis C virus choose to defer 
treatment: do they alter their deci- 
sion with time.? Dig Dis Sci 2007: 
52: 1168-1176. 

58 Zickmund SL, Brown KE, Bielefeldt 
K. A systematic review of provider 
knowledge of hepatitis C: is it 
enough for a complex disease.? Dig 
Dis Sci 2007; 52: 2 550-2556. 

59 Shehab TM, Sonnad SS, Lok AS. 
Management of hepatitis C patients 
by primary care physicians in the 
USA: results of a national survey. 
/ Viral Hepat 2001; 8: 377-383. 

60 Kanwal F. Hoang T, Spiegel BMR 
et al. Predictors of treatment in 
patients with chronic hepatitis C 
infection - role of patient versus 
nonpatient factors. Hepatology 
2007; 46: 1741-1749. 

61 Stoove' MA, Gifford SM, Dore GJ. 
The impact of injecting drug use 
status on hepatitis C-related refer- 
ral and treatment. Drug Alcohol 
Depend 2005: 77: 81-86. 

62 Mitchell AE, Colvin HM, Palmer 
Beasley R. Institute of medicine 
recommendations for the preven- 
tion and control of hepatitis B and 
C. Hepatology 2010: 51: 729-733. 

63 Volk ML. Antiviral therapy for hep- 
atitis C: why are so few patients 
being treated.? / Antimicrob Chemo- 
ther 2010: 65: 1327-1329. 

64 Arora S. Thornton K, Murata G 
et al. Outcomes of treatment for 
hepatitis C virus infection by pri- 
mary care providers. N Engl ] Med 
2011; 364: 2199-2207. 

65 Razavi H, El Khoury A, Elbasha E 
et al. Chronic hepatitis C virus 
(HCV) disease burden and cost in 
the United States. Hepatology 2013; 
57: 2164-2170. 

66 McAdam-Marx C, McGarry LJ. 
Hane CA, Biskupiak J, Deniz B, 
Brixner DI. All-cause and incre- 
mental per patient per year cost 



© 2013 The Authors. Journal of Viral Hepatitis published by John Wiley & Sons Ltd 



758 N. H. Afdhal et al. 



associated with chronic hepatitis C 
virus and associated liver compli- 
cations in the United States: a 
managed care perspective. / 
Manag Care Pharm 2011: 17: 
531-546. 

67 Di Bisceglie AM. Lyra AC, Sch- 
wartz M et al. Hepatitis C-related 
hepatocellular carcinoma in the 
United States: influence of ethnic 
status. Am J Gastroenterol 2003: 
98: 2060-2063. 

68 Davis GL, Albright JE, Cook SF, 
Rosenberg DM. Projecting future 
complications of chronic hepatitis 
C in the United States. Liver Transpl 
2003: 9: 331-338. 

69 El Khoury AC, Klimack WK, Wal- 
lace C, Razavi H. Economic burden 
of hepatitis C-associated diseases in 
the United States. / Viral Hepat 
2012; 19: 153-160. 

70 Jacobson IM, Cacoub P, Dal Maso 
L, Harrison SA, Younossi ZM. 
Manifestations of chronic hepatitis 
C virus infection beyond the liver. 
Clin Gastroenterol Hepatol 2010: 8: 
1017-1029. 

71 GeUad ZF, Reed SD, Muir AJ. Eco- 
nomic evaluation of direct-acting 
antiviral therapy in chronic hepati- 
tis C. Antivir Ther 2012: 17(6 Pt 
B): 1189-1199. 

72 Liu S, Cipriano LE, Holodniy M, 
Owens Die, Goldhaber-Fiebert JD. 
New protease inhibitors for the 
treatment of chronic hepatitis C: a 
cost-effectiveness analysis. Ann 
Intern Med 2012; 156; 279-290. 

73 Bichoupan K, Martel-Laferriere V, 
Ng M et al. Real world costs of 
telaprevir-based triple therapy, 
including costs of managing 
adverse events, at the Mount Sinai 
Medical Center, NY: $147,000 per 
EOT. / Hepatol 2013; 58(Suppl. 1): 
S324-S325. 

74 Hallinan R, Byrne A, Agho K, Dore 
GJ. Referral for chronic hepatitis C 
treatment from a drug dependency 
treatment setting. Drug Alcohol 
Depend 2007; 88: 49-53. 

75 Jowett SL, Agarwal K, Smith BC 
et al. Managing chronic hepatitis C 
acquired through intravenous drug 
use. Q/M 2001; 94: 153-158. 

76 Dimova RB, Zeremski M, Jacobson 
IM, Hagan H, Des Jarlais DC, Talal 
AH. Determinants of hepatitis C 



virus treatment completion and 
efBcacy in drug users assessed by 
meta-analysis. Clin Infect Dis 2013; 
56: 806-816. 

77 Harris KA Jr, Arnsten JH, Litwin 
AH. Successful integration of 
hepatitis C evaluation and treat- 
ment services with methadone 
maintenance. / Addict Med 2010; 
4: 20-26. 

78 Martinez AD, Dimova R, Marks 
KM et al. Integrated internist - 
addiction medicine - hepatology 
model for hepatitis C management 
for individuals on methadone 
maintenance. / Viral Hepat 2012; 
19: 47-54. 

79 Sylvestre DL, Zweben JE. Integrat- 
ing HCV services for drug users: a 
model to improve engagement and 
outcomes, hit ] Drug Policy 2007; 
18: 406-410. 

80 Alavi M, Grebely J, Micallef M et al. 
Assessment and treatment of hepa- 
titis C virus infection among people 
who inject drugs in the opioid sub- 
stitution setting: ETHOS study. Clin 
Infect Dis 2013; 57(Suppl. 2): S62- 
S69. 

81 Bruggman P, Litwin AH. Models of 
care for the management of hepati- 
tis C virus among people who 
inject drugs: one size does not fit 
all. Clin Infect Dis 2013; 57(Suppl. 
2): S56-S61. 

82 Evon DM, Simpson K, Kixmiller S 
et al. A randomized controlled trial 
of an integrated care intervention 
to increase eligibility for chronic 
hepatitis C treatment. Am ] Gastro- 
enterol 2011; 106: 1777-1786. 

83 Moussalli J, Delaquaize H, Boubilley 
D et al. Factors to improve the man- 
agement of hepatitis C in drug users: 
an observational study in an addic- 
tion centre. Gastroenterol Res Pract 
2010; 2010: article ID 261472. 

84 Robaeys G, Grebely J, Mauss S 
et al. Recommendations for the 
management of hepatitis C virus 
infection among people who inject 
drugs. Clin Infect Dis 2013; 57 
(Suppl. 2): S129-S137. 

85 Martin NIC, Hickman M, Hutchin- 
son SJ, Goldberg DJ, Vickerman P. 
Combination interventions to pre- 
vent HCV transmission among peo- 
ple who inject drugs: modeling the 
impact of antiviral treatment, nee- 



dle and syringe programs, and opi- 
ate substitution therapy. Clin Infect 
Dis 2013; 57(Suppl. 2): S39-S45. 

86 Hellard ME, Jenkinson R, Higgs P 
et al. Modelling antiviral treatment 
to prevent hepatitis C infection 
among people who inject drugs in 
Victoria, Australia. Med J Aust 
2012; 196: 638-641. 

87 Fontaine H, Hezode C, Dorival C 
et al. SVR12 rates and safety of tri- 
ple therapy including telaprevir or 
boceprevir in 221 cirrhotic non 
responders treated in the French 
Early Access Program (ANRS 
C020-CUPIC). / Hepatol 2013; 58 
(SuppL 1): S27. 

88 Lawitz E, Wyles D, Davis M et al. 
Sofosbuvir + peginterferon + riba- 
virin for 12 weeks achieves 90% 
SVR12 in genotype 1, 4, 5, or 6 
HCV infected patients: The Neu- 
trino Study. J Hepatol 2013; 58 
(SuppL 1): S567. 

89 Soriano V, Gane EJ, Angus PW 
et al. EfScacy and safety of the 
interferon (IFN)-free combination 
of BI 2013 35+ BI 207127+/- 
ribavirin (RBV) in treatment-naive 
patients with HCV genotype (GT) 1 
infection and compensated liver 
cirrhosis: results from the SOUND- 
C2 study. Hepatology 2012; 56 
(SuppL SI): 234A. 

90 Butt AA, Justice AC, Skanderson 
M, Good C, Kwoh CK. Rates and 
predictors of hepatitis C virus treat- 
ment in HCV-HIV-coinfected sub- 
jects. Aliment Pharmacol Ther 2006; 
24: 585-591. 

91 Torriani FJ, Rodriguez-Torres M, 
Rockstroh JK et al. Peginterferon 
Alfa-2a plus ribavirin for chronic 
hepatitis C virus infection in HIV- 
infected patients. N Engl ] Med 
2004; 351: 438-450. 

92 Sulkowski MS, Sherman KE, Diete- 
rich DT et al. Combination therapy 
with telaprevir for chronic hepatitis 
C Virus genotype 1 infection in 
patients with HIV: a randomized 
trial. Ann Intern Med 2013; 159: 
86-96. 

93 Sulkowski M, Pol S, Mallolas J et al. 
Boceprevir versus placebo with 
pegylated interferon alfa-2b and 
ribavirin for treatment of hepatitis C 
virus genotype 1 in patients with 
HIV: a randomised, double-blind. 



© 2013 The Authors. Journal of Viral Hepatitis published by John Wiley & Sons Ltd 



New paradigm of hepatitis C therapy 759 



controlled phase 2 trial. Lancet Infect 
Dis 2013; 13: 597-605. 

94 Dieterich D, Soriano V. Nelson M 
et al. STARTVerso 4: High rates of 
early virologic response in hepatitis 
C virus genotype 1/HIV co-infected 
patients treated with fladaprevir + 
pegylated interferon and ribavirin. 
Program and Abstracts of the 20th 
Conference on Retroviruses and 
Opportunistic Infections 2013 Mar 
3; Abstract 40LB. 

95 Dieterich D, Rockstroh ]K. Orkin C 
et al. Simeprevir with pegylated 
interferon/ribavirin in patients co- 
infected with chronic hepatitis C 
virus and HIV-l:Week-24 interim 
analysis of the TMC435-C212 
Study. Program and Abstracts of the 
20th Conference on Retroviruses and 
Opportunistic Infections 2013 Mar 3: 
Abstract 154LB. 

96 Limlcetkai BN. Mehta SH, Sutcliffe 
CG et al. Relationship of liver dis- 
ease stage and antiviral therapy 
with liver-related events and death 
in adults coinfected with HIV/HCV. 
JAMA 2012: 308: 370-378. 

97 Ghany MG, Nelson DR, Strader DB, 
Thomas DL, Seeff LB. An update on 
treatment of genotype 1 chronic hep- 
atitisCvirus infection: 2011 practice 
guideline by the American Associa- 
tion for the Study of Liver Diseases. 
Hepnto%i/2011; 54: 1433-1444. 

98 Everson GT, Sims KD, Rodriguez- 
Torres M et al. An interferon-free, 
ribavirin-free 12 -week regimen of 
daclatasvir (DCV). asunaprevir 
(ASV), and BMS-791325 yielded 
SVR4 of 94% in treatment-naive 
patients with genotype (GT) 1 
chronic hepatitis C virus (HCV) 
infection. Hepatology 2012: 56 
(Suppl. SI): Abstract LB-3. 

99 Gane EJ, Poclo-os P, Zeuzem S et al. 
Interferon-free treatment with a 
combination of mericitabine and 
danoprevir/r with or without riba- 

APPENDIX 1 

MEETING PARTICIPANTS 
Nezam H. Afdhal, MD, and Rachel 
Baden, MD, Harvard Medical School, 
Beth Israel Deaconess Medical Center, 
Boston, MA; Cynthia Beam, PhD, and 
Julie ICrop, MD, Vertex Pharmaceuti- 



virin in treatment-naive HCV geno- 
type 1-infected patients. / Hepatol 
2012: 56(Suppl. 2): S555-S5556. 

100 Gane EJ, Stedman CA, Hyland RH, 
Ding X, Pang PS, Symonds WT. 
ELECTRON: 100% SVR rates for 
once-daily sofosbuvir plus ledipas- 
vir plus ribavirin given for 
12 weeks in treatment-naive and 
previously treated patients with 
HCV genotype 1. Program and 
Abstracts of the 20th Conference on 
Retroviruses and Opportunistic Infec- 
tions 2013 Mar 3; Abstract 41LB. 

101 Gane E, Lawitz E, Rodriguez-Torres 
M et al. Phase 3 randomized con- 
trolled trial of all-oral treatment 
with sofosbuvir + ribavirin for 
12 weeks compared to 24 weeks of 
PEG + ribavirin in treatment-naive 
GT2/3 HCV-infected patients. / Hep- 
atollOU; 58{Suppl. 1): S3. 

102 Lok AS, Gardiner DF, Lawitz E 
et al. Preliminary study of two an- 
tiviral agents for hepatitis C geno- 
type 1. N Engl ] Med 2012; 366: 
216-224. 

103 Suzuki F, Ikeda K, Toyota J et al. 
Dual oral therapy with the NS5A 
inhibitor daclatasvir (BMS- 
790052) and NS3 protease inhibi- 
tor asunaprevir (BMS-650032) in 
HCV genotype IB-infected null 
responders or ineligible/intolerant 
to peginterferon/ribavirin. / Hepa- 
tol 2012; 56(Suppl. 2): S7-S8. 

104 Tsochatzis EA, Gurusamy ICS, 
Ntaoula S, Cholongitas E, David- 
son BR, Burroughs AK. Elastogra- 
phy for the diagnosis of severity of 
fibrosis in chronic liver disease; a 
meta-analysis of diagnostic accu- 
racy. / Hepatol 2011: 54: 650- 
659. 

105 AdeyemiOM. Jensen D. Attar Bef al. 
Hepatitis C treatment eligibility in 
an urban population with and with- 
out HIV coinfection. AIDS Patient 
C«re 517)52004: 18:239-245. 

cals. Inc., Cambridge, MA; Clifford 
Brass, MD, Novartis Pharmaceuticals 
Corporation. East Hannover, NJ; 
David Brumley, MD, MBA Tufts 
Health Plan Watertown, MA; Laurent 
Castera, MD, PhD, Hopital Beaujon, 
Clichy, France; Daniel Church, MD, 
MPH, and Alfred DeMaria, Jr., MD, 



106 Falck-Ytter Y. Kale H. Mullen KD, 
Sarbah SA, Sorescu L, McCuUough 
AJ. Surprisingly small effect of an- 
tiviral treatment in patients with 
hepatitis C. Ann Intern Med 2002; 
136; 288-292. 

107 Fleming CA, Craven DE. Thornton 
D, Tumilty S. Nunes D. Hepatitis C 
virus and human immunodefi- 
ciency virus coinfection in an 
urban population; low eligibility 
for interferon treatment. Clin Infect 
Dis 2003; 36; 97-100. 

108 Grebely J, Raffa JD, Lai C et al. 
Low uptake of treatment for hepa- 
titis C virus infection in a large 
community-based study of inner 
city residents. / Viral Hepat 2009; 
16: 352-358. 

109 Groom H. Dieperink E. Nelson DB 
et al. Outcomes of a Hepatitis C 
screening program at a large 
urban VA medical center. / Clin 
Gastroenterol 2008: 42; 97-106. 

110 Hall CS. Chariebois ED, Hahn JA, 
Moss AR, Bangsberg DR. Hepatitis 
C virus infection in San Fran- 
cisco's HIV-infected urban poor. / 
Gen Intern Med 2004: 19: 
357-365. 

111 Mehta SH, Lucas GM, Mirel LB 
et al. Limited effectiveness of antiv- 
iral treatment for hepatitis C in an 
urban HIV clinic. AIDS 2006: 20: 
2361-2369. 

112 Restrepo A, Johnson TC. Widjaja 
D et al. The rate of treatment of 
chronic hepatitis C in patients co- 
infected with HIV in an urban 
medical centre. / Viral Hepat 2005; 
12: 86-90. 

113 Rocca LG, Yawn BP. WoUan P, 
Kim WR. (2004) Management of 
patients with hepatitis C in a com- 
munity population; diagnosis, dis- 
cussions, and decisions to treat. 
Ann Fam Med 2: 116-124. 



Massachusetts Department of Public 
Health, Jamaica Plain, MA; Kevin 
Crtmston, MDiv, Massachusetts 
Health and Human Services, Boston, 
MA; Lynda Dee, JD, Fair Pricing Coa- 
lition, Baltimore, MD; Arnold Doyle, 
Janssen Therapeutics, Titusville, NJ; 
Julia Engstrom-Melnyk, PhD, Roche 



© 2013 The Authors. Journal of Viral Hepatitis published by John Wiley & Sons Ltd 



760 N. H. Afdhal et al. 



Diagnostic Corporation. Indianapolis, 
IN; Michael Fried, MD, University of 
North Carolina at Chapel Hill, Chapel 
Hill, NC: Camilla Graham, MD, MPH, 
and Michael Wong, MD, Beth Israel 
Deaconess Medical Center, Boston, 
MA; William Guyer, PharmD, John 
G. McHutchison, MD, Joe Steele, MS, 
and William Symonds, PharmD, 
Gilead Sciences, Inc., Foster City, CA; 
Ira M. Jacobson, MD, Weill Medical 
College of Cornell University, New 
York, NY; Alain Litwin, MD, MPH, 
Albert Einstein College of Medicine of 
Yeshiva University, Valley Cottage, 
NY; Anthony Martinez, MD, and 
Andrew Talal, MD, MPH, University 
at Buffalo, Buffalo, NY; Henry Masur, 
MD, National Institutes of Health, 
Bethesda, MD; Douglas Mayers, MD, 
and Ronald C. Renaud. Jr.. Idenix 
Pharmaceuticals, Inc., Cambridge. 



MA; Shruti H. Mehta. PhD, MPH, 
Johns Hopkins Bloomberg School of 
Public Health, Baltimore, MD; 
Andrew Muir, MD, MHS, Duke Clini- 
cal Research Institute, Durham, NC; 
Christopher J. Myatt. PhD. MBio 
Diagnostics. Inc.. Boulder, CO; Stan- 
ley J. Naides. MD. and Rick Pesano. 
MD, PhD, Quest Diagnostics, San 
Juan Capistrano, CA; Willitim 
O'Brien, MD, MS, Boehringer Ingel- 
heim Pharmaceuticals, Ridgefleld, CT; 
Christos J. Petropoulos, BS, PhD, 
Monogram Biosciences, A Labcorp 
Specialty Testing Group, South San 
Francisco, CA; Gaston R. Picchio. 
PhD. Janssen of Johnson and John- 
son. Titusville. NJ; Thierry Poynard. 
MD. PhD, Hospitaller Pitie'-Salpetriere, 
Paris, France; Avi Prabhakar, MD, 
Janssen Services, LLC. Titusville. NJ; 
Kellie A. Rademacher. PharmD. 



Prime Therapeutics. LLC. Eagan. MN; 
Homie Razavi. PhD, MBA. Center for 
Disease Analysis. Louisville. CO; Gary 
Rice. Diplomat Specialty Phtirmacy. 
Flint. MI; Robert Schooley. MD. and 
David Wyles, MD, UC San Diego 
School of Medicine, La JoUa, CA; 
Joseph Sebastian, PhD, LabCorp, 
Research Triangle Park, NC; Bryce D. 
Smith. PhD, and John Ward, MD. 
Centers for Disease Control tmd Pre- 
vention. Atlanta. GA; Mtirk Sulkow- 
ski. MD. and David Thomas. MD. 
MPH. The Johns Hopkins University 
School of Medicine. Baltimore, MD; 
Chris Taylor. National Alliance of 
State and Territorial AIDS Directors 
(NASTAD). Washington, DC; Stefan 
Zeuzem, MD, J.W. Goethe University 
Hospital, Frankfurt, Germany. 



© 2013 The Authors. Journal of Viral Hepatitis published by John Wiley & Sons Ltd 



